Abstract To determine the occurrence of vision and hearing deficits in international adoptees and their associations with emotional, behavioral and cognitive problems. The Minnesota International Adoption Project (MnIAP) was a 556-item survey that was mailed to 2,969 parents who finalized an international adoption in Minnesota (MN) between January 1990 and December 1998 and whose children were between 4 and 18 years-old at the time of the survey. Families returned surveys for 1,906 children (64 %); 1,005 had complete data for analyses. The survey included questions about the child's pre-adoption experiences and post-placement medical diagnoses, and the Child Behavior Checklist (CBCL). Multivariate logistic regression assessed associations between hearing and vision problems and problems identified by the CBCL. Information on hearing and vision screening and specific vision and hearing problems was also collected via a telephone survey (HVS) from 96/184 children (52 %) seen between June 1999 and December 2000 at the University of Minnesota International Adoption Clinic. In both cohorts, 61 % of children had been screened for vision problems and 59 % for hearing problems. Among those children screened, vision (MnIAP = 25 %, HVS = 31 %) and hearing (MnIAP = 12 %, HVS = 13 %) problems were common. For MnIAP children, such problems were significant independent predictors for T scores[67 for the CBCL social problems and attention subscales and parent-reported, practitioner-diagnosed developmental delay, learning and speech/language problems, and cognitive impairment. Hearing and vision problems are common in international adoptees and screening and correction are available in the immediate post-arrival period. The importance of identifying vision and hearing problems cannot be overstated as they are risk factors for development and behavior problems.
Introduction
In the years 117 ,405 children from abroad joined adoptive families in the United States [1] and this group of children became a unique source of immigration. Scant attention was paid to identifying specific health problems in these children until the late 1980s when investigators identified a high prevalence of infectious diseases that jeopardized the health of both the child and adoptive family [2] [3] [4] [5] [6] [7] [8] [9] [10] Due to political changes around the world, from 1990 to 2000 the number of adoptions to the US more than doubled from 7,093 to 18,857 [11, 12] . Additionally, the landscape shifted as the majority of children came from countries that relied on institutional rather than foster care prior to adoption. Knowledge of problems affecting international adoptees evolved during this period to include poor growth [6, [13] [14] [15] [16] and a high risk of prenatal alcohol exposure [17] [18] [19] [20] [21] . Other problems noted included recognition of a high prevalence of developmental delays [6, 13, 16, 22, 23] , sensory processing problems [24, 25] and emotional and behavioral issues [26] [27] [28] [29] [30] [31] .
Hearing and vision abnormalities are among the most readily identifiable and treatable problems that affect the long-term cognitive and socioemotional development [32] [33] [34] Risk factors known to be associated with these problems, e.g., poverty, low birth weight (LBW), and inadequate medical care, are more prevalent among adoptees, particularly those cared for within residential institutions [35] . From 1994 to the present, recommendations published by the American Academy of Pediatrics (AAP) consistently supported post-arrival hearing and vision screening for international adoptees [36, 37] . However, while sporadic cases of hearing and vision losses have been reported [5, 10, 13, 15, 16, 22, 38, 39] , data from a screened cohort are lacking. This study investigates the occurrence and nature of hearing and vision problems in two separate groups of international adoptees and explores the hypothesis that these problems are important independent risk factors that could alter the lifecourse of a child by putting him/her at risk for developmental, emotional and behavioral sequelae that may persist to adulthood.
Methods

Study Design and Sample
Data were obtained from two separate cross-sectional studies of international adoptees conducted in similar environments and within comparable time frames. The studies were conducted according to current ethical standards and the Human Research Protection Program at the University of Minnesota (U of MN) approved both studies with IRB approval and oversight.
The MN International Adoption Project (MnIAP) was developed by a multidisciplinary team working with an Advisory Board of adoptive parents [27, 40] . The sampling frame consisted of families who finalized international adoptions between 1990 and 1998 through the MN Department of Human Services (3,268 sets of parents and 4,134 children). The MnIAP continues to be the largest and broadest epidemiologic study on the outcomes of international adoptees during childhood. While the distribution of adoptees by country of origin has shifted since the study inception, care environments prior to adoption (foster vs. institutional care) and the predominance of early neglect and institutional care for adoptees entering the US remains similar [11, 12, 41] .
This report focuses on children who were 4-18 yearsold at the time of the MnIAP survey (n = 3,270). We obtained 2,969 current addresses (90.8 %) from this group. Surveys were mailed to families in February 2001, with a request that the primary parent complete it. We received complete surveys for 1,906 children (64 % of those with current addresses and 58 % of the total).
The Hearing and Vision Study (HVS). Because the MnIAP survey asked only whether problems with hearing and vision had been diagnosed or treated, we identified a separate cohort to determine the nature of these problems. The sample frame included all 184 children seen at the International Adoption Clinic at the U of MN from June of 1999 to December of 2000. At the time of the clinic visit, all families had been instructed to have their child screened for vision and hearing problems within three months. Of the 96 families (52 %) where contact could be established, 100 % agreed to participate in a telephone survey in February and March 2003.
Survey Measures
Parents of children in the MnIAP study completed a 16-page, 556-item mail survey created by the MnIAP team. This survey included closed-ended questions about the child's pre-adoption experiences, post-placement health, and learning and developmental delays. These questions used terminology familiar to parents in order to gather information about the domains in which children and their families experienced post-adoption challenges. Data about behavioral problems were gathered more explicitly from the Child Behavior Checklist (CBCL/4-18) [42] , embedded in the MnIAP survey. We defined T scores [67 ([95th percentile) as the categorical cutoff for each scale to differentiate nondeviant from deviant groups. This cutoff included borderline clinical cases [43] . In order to provide the most accurate portrayal of the child, we requested that the primary parent complete the survey. However, compliance with this request could not be independently verified due to the confidential nature of the survey.
Parents of children in the HVS completed a 29-item structured telephone interview about hearing and vision screening to extract specific diagnoses since their clinic visit. Interviews for the HVS were conducted by a Doctor of Audiology candidate with experience in the testing, diagnosis and treatment of hearing disorders.
The MnIAP and HVS surveys were completed by parents and we used reported diagnoses given by a health practitioner. These hearing and vision diagnoses were not independently verified.
Analysis
All analyses to examine correlates of hearing or vision loss, as well as the association between them and CBCL scores, were restricted to children in MnIAP who had been screened for both hearing and vision problems, had CBCL data, and who had complete data on key variables (n = 1,005). We conducted multivariate logistic regression to produce odds ratios and 95 % confidence intervals to describe associations between parentreported hearing and vision problems and dichotomous variables reflecting symptoms and syndromes from the CBCL data as well as parent-reported developmental, cognitive, learning and speech/language problems. The analyses were adjusted for factors known to be strongly associated with maldevelopment in adopted children, including institutionalization C6 months [44] , male gender [45] , age at placement C24 months [23, [45] [46] [47] and known prenatal alcohol or drug exposure [48-50] The child's age at the time of the survey was also included, as the occurrence or recognition of problems post-adoption is known to increase with chronologic age [27, 51, 52] . We made a Bonferroni correction to identify statistically significant (p B .05) associations and analyzed data with SPSS (Version 11.0 for Macintosh).
Results Table 1 provides the characteristics of the children in the MnIAP and HVS cohorts.
MnIAP
Ninety-five percent of the parents reported their child had received a post-arrival medical examination and 92 % reported receiving care from a pediatrician or pediatric nurse practitioner. Screening rates in the MnIAP cohort were 60.8 % for vision and 57.6 % for hearing. (Table 2 ) Children screened for vision problems, compared with those not screened, were older, 9.0 ± 3.2 (SD) versus 8.2 ± 2.8 years, respectively [t(1,904) = -5.82, p \ .001). Children screened for hearing problems, compared with those not screened, were more likely to be institutionalized Age at the time of the survey was positively associated with vision problems in adjusted analyses (Table 3 ). Hearing problems were positively associated with [6 months of institutionalization, diagnosis or treatment of chronic ear infections post-placement, and known prenatal alcohol or drug exposure. Vision problems were associated with a twofold or greater risk of CBCL T scores[67 on the social and attention subscales as well as the parent report of practitioner diagnosed or treated developmental delay. Hearing problems were associated with a two-to fivefold higher risk of CBCL T scores [67 on the social and attention subscales as well as parent report of practitioner diagnosed or treated developmental delay, learning problems, cognitive impairment and speech disorder/language delay (Tables 4, 5 ).
HVS
Vision was screened in 74 % of the HVS cohort by primary care (47.9 %), school (11.3 %), optometry/ophthalmology (38 %) or at multiple sites (2.8 %). Among those screened, 31 % had abnormalities ( Table 2 ). Of those 22 children with abnormalities, 36 % had multiple diagnoses. Diagnoses in the 71 screened children included myopia (4 %), hyperopia (8 %), astigmatism (6 %), strabismus (16.9 %) and other (6 %), including optic atrophy and abnormal tearing. Eye professionals found more diagnoses (59.3 %) than other screening sites (13.6 %) [v 2 (1) = 16.27, p \ .001]. Ophthalmologic problems were diagnosed in five children prior to adoption and all had abnormalities confirmed after adoption (strabismus n = 4) and nasolacrimal duct obstruction (n = 1). Among those with vision abnormalities documented after adoption, only 23 % had been identified in their birth countries.
Hearing had been screened in 81.2 % of the children in the HVS cohort by primary care providers (30.8 % of screened children), audiologists (48.7 %) school screening (14.1 %) or at multiple sites (6.4 %). Among the 78 screened, 10 (12.8 %) had hearing loss of which 70 % had temporary/correctable hearing loss and 30 % had losses felt to be permanent. Audiologists found abnormal hearing abnormalities more often (21.1 %) than those at other screening sites (5.0 %) [v 2 (1) = 4.49, p \ .05)]. A diagnosis of hearing loss was made in six children prior to adoption but only two of these children had abnormal hearing confirmed after adoption. Only 20 % with hearing loss had been correctly identified in their birth countries. During the first year post-placement, 43.7 % of had ear infections with 14.6 % having four or more infections. Bilateral pressure equalization tubes were placed in 13 (13.5 %) children. Hearing aids were needed for three children (two bilateral, one unilateral).
Discussion
Despite AAP guidelines recommending that all international adoptees be screened for vision and hearing problems soon after placement, we found that only 61 % of the children in both cohorts had been screened for vision problems and 59 % had been screened for hearing problems. Children in the MnIAP and HVS cohorts were 7.1 and 2.7 years postplacement, respectively, at the time of the surveys. We have no reason to think that children adopted in MN have less aggressive pediatric care than those in any other state. Low screening rates could nonetheless be related to parental recall, given the lengthy interval between adoption and survey conduct. However most of the adoptive parents were highly educated, well-insured and extremely motivated [40] . Another reason for low screening rates could be that initial screening guidelines were first published in 1994, midway through the study period (1990-1998) [36] . However, data were collected 5-7 years after screening guidelines were first published and most of the children in the MnIAP cohort received care, presumably ongoing, from a pediatric provider.
In the absence of other US data about screening for internationally adopted children in the US, we must conclude rates are alarmingly low. Children coming from abroad were not a part of the universal hearing and vision screening that is a part of the USA newborn hospital stay and then standard during school and medical visits as well. Our finding that vision (MnIAP 24.7 %, HVS 31 %) and hearing problems (MnIAP 11.9 %, HVS 12.8 %) were common in screened international adoptees-and that such problems were associated with parent-reported behavioral and developmental problems-informs our concern. Some limitations include the fact that our cohorts were not universally screened and the screened sample was more likely to have some risk factors for vision and hearing loss. The MnIAP survey was 16 pages and the time to fill this out may have decreased the response rate. Both surveys had some non-response or inability to contact eligible families, thus the true associations could be stronger than those we represent. We are unable to gauge the presence, direction or strength of bias related to sample selection.
Given non-random screening and lack of clear diagnostic criteria we cannot provide a true prevalence of hearing or vision problems. For vision, the incidences of problems such as myopia, hyperopia and astigmatism do not appear to be greater than reported in US preschool children [53, 54] . However, the high rate of strabismus (16.9 %) in international adoptees compared to preschool children in the UK (2.1 %) [55] and US (2.4 %) [56] is of great concern since esotropia is one of the most robust predictors of decreased visual acuity in pre-school children [57] . Our identification of a high rate of strabismus is supported by Gronlund, et al., who reported a prospective study of 72 of 99 children in Western Sweden who were adopted from Eastern Europe during 1993-1997, comparing them to an age-and sexmatched reference group [17] . Among those screened (mean age 7.5 years) strabismus was particularly common versus the reference group (32 vs. 2 %). Gauging whether international adoptees have a higher rate of conductive or sensorineural hearing loss is complicated by our reliance on parent report rather than audiometric results. The National Health and Nutrition Examination Survey III (NHANES-III) examined children (n = 6,166) of similar age to our cohorts (i.e., 6-19 years), but who were universally screened for hearing problems. It reported 1.3 % had mild unilateral or bilateral loss (26 to 40-dB hearing level), increasing to 14.9 % for slight hearing loss (16-25-dB hearing level) [58] . However, the self-or parent-reported prevalence rates of ''hearing trouble'' in children in twenty nationally representative US studies conducted between 1963 and 2004 averaged 1.9 % (1.3-4.9 %) [59] . Therefore, our findings that about 12 % of children experienced hearing loss likely reflect either a bias in our design (i.e., examination of differentially screened children) and/or the risks of internationally adopted children.
Several factors would predict a higher rate of vision or hearing problems in international adoptees. Prevalence studies have repeatedly documented that lower socioeconomic status and non-Caucasian race, characteristics of most international adoptees, increase the risk for childhood hearing [58] [59] [60] [61] and vision problems [53, 55, 62] . Increased risk of vision problems with increased age of the child at the time of the survey probably reflects a combination of a greater likelihood of recognizing vision problems as children enter school as well as the progression of refractive error with age [63] . Low birth weight, common among international adoptees [19, 35] but not analyzed in this study due to limited data, is a risk factor for vision problems, particularly strabismus [55, 56, 64] . Middle ear disease is a leading cause of hearing loss in children [65] , as reflected in the MnIAP cohort where recurrent ear infections post-adoption was identified as an independent risk factor. Duration of institutionalization is an independent risk factor for hearing problems, most likely mediated via high rates of respiratory illness in congregate care settings [35, 66] coupled with overall medical, nutritional and social neglect. Prenatal alcohol exposure, common among adoptees from some areas [17] [18] [19] [20] [21] increases the risk of hearing abnormalities in experimental animals and humans [67] [68] [69] .
The rationale for vision and hearing screening during early childhood is not simply because these problems are common but that identification and treatment may prevent or attenuate a variety of related adverse outcomes, including speech and language problems, reduced school performance, behavior problems, decreased psychosocial well-being and poor adaptive skills [32, 33, [70] [71] [72] [73] We partially confirmed our hypotheses that hearing and visions problems would be related to behavioral and developmental problems, independent of other acknowledged risk markers prevalent in this group of children. Hearing problems were strongly associated with about a 2.5-5.0-fold risk for practitioner diagnosed or treated developmental, learning, cognitive and speech problems. Vision problems were associated with an almost twofold risk of developmental problems. Vision and hearing problems were each associated with about a 2.5 to threefold risk for social and attention problems.
The importance of the ecobiodevelopmental framework in which a child develops has recently been highlighted [74] [75] [76] . Within this context, the devastating, long-term effect of early childhood adversity and consequent toxic stress is helpful in understanding adverse outcomes in international adoptees. In adoption, the assumption is that a positive developmental environment is established upon entering a nurturing family but stress likely persists if sensory deficits impair a child's perception of the world. Sensory impairments should be added to a growing list of factors that contribute to the pathogenesis of developmental, cognitive and socioemotional problems in children experiencing severe deprivation in early life [32, 33] .
While the children screened by an eye specialist or audiologist in MnIAP and HVS may have represented a select group with suspected problems, the prospective vision assessment of Eastern European adoptees found a similar high rate of eye problems when examined by a vision professionals [17] . These findings suggest that the true prevalence of hearing and vision problems may be even greater than rates reported using data from all screening providers. Evaluation by specialists in these areas is the best option for children who join their families through international adoption given the number of risk factors in this group of children. In addition, the age of arrival for most international adoptees (74 %) is \36 months of age [41] . At this age, vision screening in pediatric offices is particularly challenging [77] because children are often adjusting to the English language for directions and hearing screening requires equipment and a recommended screening protocol [78] more likely available in a specialist's office.
Summary
To our knowledge, ours is the first study to report the rates of hearing and vision screening in a geographically defined sample of international adoptees in the US and demonstrate that international adoptees are at significant risk for hearing and vision problems undiagnosed in their country of origin. Our findings show that children with these sensory deficits have a higher probability of a variety of problems including attention and social problems as well as diagnoses of speech and language delays, developmental delays and cognitive impairment. Primary care practitioners should arrange screening through vision and hearing specialists within the first few months after arrival to insure timely diagnosis and proper treatment. The importance of identifying vision and hearing problems cannot be overstated as they are risk factors for long term development and behavior problems where ready screening and correction are available in the immediate post-arrival period.
